Community health workers (CHWs) play a critical role in health promotion, but their workload is often oriented around a single disease. Renewed interest in expansion of multipurpose CHWs to cover an integrated package of services must contend with the debate over how effectively CHWs can perform an increased range of tasks. In this study, we examine whether an existing cadre of HIV-focused paid volunteer CHWs in Iringa, Tanzania, can take on new maternal, newborn and child health (MNCH) promotion tasks without adversely affecting their HIV role. HIV household visits conducted per month were extracted from CHW summary forms covering up to 14 months preintervention and 12 months of intervention data. A comparative interrupted time series using a generalized estimating equation assessed population-averaged longitudinal trends in monthly HIV visit count in the intervention ('dual-role' CHWs) vs comparison group ('single-role' CHWs). Analyses were stratified by district, accounting for secular trends, seasonality and covariates. The time series consisted of 4022 observations for HIV visit count from 187 CHWs (41% dual role). Prior to MNCH training, dual-role CHWs averaged 25-30% more HIV visits per month compared with single-role CHWs, with no other significant pre-intervention differences between groups. CHWs began conducting MNCH visits shortly after receiving training, but in the initial month of intervention, there was a 6-9% drop in the mean number of HIV visits per month among dual-role CHWs. Otherwise, there was no significant difference between single-and dual-role CHWs in the trajectories of monthly HIV visits before and after adding MNCH tasks. Dual-role CHWs appeared able to maintain their HIV client workload after adding MNCH tasks to their routines, albeit with an initial slight decline in HIV workload. This dual-role CHW model suggests potential spare capacity in vertically oriented programmes, with productivity gains possible through integration.
Introduction
The health workforce is one of six 'building blocks' the World Health Organization (WHO) defines as essential to basic health system functioning, as well as critical to achieving the goals of universal health coverage (WHO, 2007; WHO and GHWA, 2013) . A global shortage of health workers limits delivery of quality health services, which require adequate numbers of qualified health workers in the right place at the right time doing the right thing (Toure et al., 2013) . The WHO refers to task shifting as 'a process whereby specific tasks are moved, where appropriate, to health workers with shorter training and fewer qualifications ' (WHO, 2008a) . Task shifting can improve access to health services in areas faced with health workforce shortages, such as rural communities in low-and middle-income countries that often lack adequate qualified staff to provide essential health services (Toure et al., 2013; Murphy et al., 2014) . The persistent global shortage of health workers has been a key driver supporting expansion of community health worker (CHW) programmes, particularly in Africa (WHO, 2006; Mogedal et al., 2013; WHO and GHWA, 2013) . Growing evidence suggests CHW programmes can improve child nutrition, reduce maternal and neonatal mortality, increase child immunization uptake, expand family planning access and contribute to control of HIV, tuberculosis and malaria (Lewin et al., 2010; Perry et al., 2014a) . Furthermore, recent systematic reviews have shown the costeffectiveness of task shifting to CHWs, particularly for tuberculosis and HIV care, in addition to suggestive cost savings for malaria, maternal and newborn health, and childhood illness programmes (Vaughan et al., 2015; Seidman and Atun, 2017) .
Over the last decade, many countries began revitalizing, formalizing and expanding national CHW programmes to support efforts to achieve universal health coverage and the millennium development goals (Liu et al., 2011; WHO and GHWA, 2013; Campbell et al., 2015) . CHW programmes are highly varied in terms of task profiles, responsibilities, training, professional work status, remuneration and integration of CHWs into the formal healthcare system (Perry et al., 2014b) . A central design question of policy interest is whether CHWs should provide services in one healthcare area ('vertical'/specialist approach) or integrated services across multiple health care areas ('horizontal'/generalist approach)? Integrated services offer potential benefits, including reduced fragmentation of services, improved care outcomes and increased patient satisfaction (Shigayeva et al., 2010) . The recent movement toward people-centred primary healthcare systems also supports integration through consideration of people's needs in the design and delivery of healthcare services (WHO, 2008b; Sheikh et al., 2014) . Despite these advantages, however, there is continued debate over the number of tasks a CHW can perform before their quality and productivity begin to decline.
In a systematic review of design factors that influence CHW performance, studies which examined CHW tasks found that greater perceived responsibilities, longer service delivery times and more weekly time spent on the job were associated with higher CHW performance, with responsibility for curative tasks bringing selfreported motivation and increased community recognition . In Bangladesh, after treatment for severe acute malnutrition was added to the workload of CHWs focused on community case management of acute respiratory infection and diarrhoea, they maintained quality of care for both preventive and curative tasks despite reporting significantly more hours worked per week (Puett et al., 2012) . In contrast, a qualitative study in Malawi exploring task prioritization identified several challenges to an integrated scope of responsibilities for CHWs. These included role confusion; overloading with too many tasks, with CHWs unable to fulfil multiple roles; specialization of tasks when CHWs received additional training on a specific skill, resulting in over-emphasis on the new skill; and difficulty managing competing priorities, due to multiple programmes and stakeholder demands (Smith et al., 2014) .
In Tanzania, the existing network of CHWs is a partial stopgap for the health workforce shortage, where a recent mapping documented roughly 41 000 CHWs, mainly functioning in volunteerbased, NGO-supported, vertically oriented programmes, with nearly half centred on either HIV or maternal, newborn and child health (MNCH) (MUHAS and JHSPH, 2015) . Growing recognition of the lack of coordination and harmonization across these numerous volunteer CHW cadres has led Tanzania to embark on revitalization of a national community-based healthcare programme, through developing a multipurpose, salaried cadre of CHWs embedded in the national health system to provide an integrated package of preventive and curative services. This research was designed to ascertain the quantitative impact of additional responsibilities (workload) on continued performance of a CHW's initial tasks. We examine an existing cadre of paid volunteer HIV-focused CHWs that received training on MNCH promotion, thereby integrating two distinct scopes of work at the community level. A comparative interrupted time-series design is used to assess the null hypothesis that the addition of MNCH tasks would result in no significant change in the level or trend of monthly HIV visits conducted by CHWs.
Methods
Agency for International Development (USAID) over two 5-year cycles (2006-11; 2012-17) (FHI 360 and Deloitte, 2012) . TUNAJALI II was implemented by Deloitte Consulting Limited (prime partner) and Christian Social Services Commission (technical partner) in five regions of Tanzania: Dodoma, Iringa, Njombe, Morogoro and Singida. This study centres on TUNAJALI II's community-based programme in Iringa Region, located in the Southern Highlands zone of mainland Tanzania. The prevalence of HIV in Iringa (9.1%) is the second highest in the country and nearly double the national average (5.1%), with an elevated prevalence among women (10.9%) compared with men (6.9%) (Tanzania Commission for AIDS et al., 2013) . Compared with national trends, Iringa has consistently achieved higher rates of coverage for key MNCH indicators. The proportion of live births delivered at health facilities has improved over time in Iringa from 71.8%, 80.4%, to 92.9% as measured in the 2004 -05, 2010 Demographic and Health Surveys, respectively, compared with national estimates which have also risen over the same period, increasing from 47.1%, 50.1%, to 62.6%, but remain far lower (Tanzania NBS and ORC Macro, 2005; Tanzania NBS and ICF Macro, 2011; Tanzania MoHCDGEC et al., 2016) .
Across Iringa, the prime partner contracted local civil society organizations to support over 400 volunteer CHWs to provide home-based HIV services. CHWs previously received 12 days of training covering provision of HIV support services, including tracking patients who missed appointments, linking patients to HIV care, providing psychosocial support and palliative care, promoting antiretroviral treatment adherence, mobilizing the community, offering home-based HIV counselling and testing, and organizing economic strengthening groups. Most villages are supported by one or two HIV-focused CHWs, each covering approximately 15-100 households.
In 2014, TUNAJALI II began supporting MNCH services, with a goal of increased utilization of antenatal care and facility deliveries. Programme managers recommended HIV-focused CHWs could absorb additional MNCH responsibilities, rather than appointing and funding a separate cadre of MNCH volunteers. Their recommendation centred on the perceived benefits of integrating HIV and MNCH services, coupled with the observation that increased HIV treatment coverage and compliance has reduced HIV workload of CHWs due to a reduction in the number of extremely sick HIV patients in need of palliative services. In 2015, approximately half of the CHWs received training on a MNCH curriculum approved by Tanzania's Ministry of Health. This integrated cadre of 'dual-role' CHWs was to provide both HIV and MNCH services (compared with 'single role' HIV-focused CHWs).
The MNCH training occurred separately for the two districts during June 2015 (Kilolo) and November 2015 (Iringa Rural). The training included 2 weeks of classroom instruction and 1 week of practical sessions, covering a broad range of MNCH topics. Dualrole CHWs received training on visit timing, including visits at least three times during pregnancy and seven times postpartum, with three home visits within the first week following birth and recurrent follow-up visits at 3 and 5 weeks, 2 and 5 months, and quarterly until the child turns five. Health promotion topics covered a range of issues, including: antenatal care booking; pregnancy danger signs; nutrition; birth preparedness; breastfeeding; newborn care; malaria prevention; HIV/AIDS; family planning; postpartum care; newborn and child danger signs; and growth and development.
A facility-based healthcare worker and a 'focal person' based at the civil society organization each provided monthly HIV-focused supervision for single and dual-role CHWs. An additional facility-based healthcare worker provided MNCH-focused supervision of dual-role CHWs. The prime partner provided CHWs with a nominal monthly stipend for their volunteer service; following MNCH training the monthly stipend increased from $15 to $20 USD for all CHWs, irrespective of single or dual responsibilities.
Sampling
Two of four districts supported by TUNAJALI II in Iringa were excluded: Mufindi due to a separate ongoing initiative, the Partnership for HIV-Free Survival, which may have shifted increased attention toward prevention of mother-to-child transmission of HIV; and Iringa Municipal due to its urban setting that was less informative for the national development of a rural-based CHW cadre. All CHWs supported by the civil society organizations in the remaining two rural districts (Iringa Rural and Kilolo) were eligible for inclusion in the study (n ¼ 212). Several CHWs were excluded due to death (n ¼ 4), resignation (n ¼ 2) and termination (n ¼ 13), or because the MNCH workload data could not be accessed (n ¼ 6) ( Figure 1 ). The final sample comprised 187 CHWs.
Measures
Data extracted from CHW monthly summary reports were used to quantify outcome measures. The 'number of HIV client visits conducted' is an aggregate measure of self-reported HIV visit workload per individual CHW per month. The 'number of maternal client visits conducted during the antenatal or postnatal period' and the 'number of children under-5 visits conducted' are additional aggregate measures to quantify MNCH visit workload per individual CHW per month (for dual-role CHWs only). CHW demographics and health facility characteristics were assessed, including: age, sex, education level (primary or secondary), marital status (married, single, widowed, divorced), number of dependents, years of CHW experience, monthly household income (<$25, $25-50, >$50 USD), income generating activities (agriculture, livestock, miscellaneous), supervisory facility type (dispensary, health centre, hospital), supervisory facility ownership (government, faith-based) and distance to supervisory facility (km).
Using the aggregate summary measure of HIV client visits conducted per month, a time-series dataset was created with a change point demarcating the 14-month baseline 'pre-intervention' period from the 'intervention' period when additional MNCH training, supervision and reporting was introduced (Wagner et al., 2002) . The intervention period contained up to 7 (Kilolo) or 12 (Iringa Rural) monthly data points for HIV and MNCH visits depending on when the dual-role CHW received MNCH training.
Data collection procedures
We collected data during two phases of fieldwork occurring in February and July 2016, after the intervention was underway. During February 2016, a team of six research assistants administered the demographic questionnaire in Swahili to CHWs at regularly scheduled monthly meetings organized by the civil society organizations. Absent CHWs were subsequently contacted to schedule alternate questionnaire arrangements, conducted in-person at a central location; however, some CHWs could not be surveyed due to travel, illness or inability to contact the CHW. In total, 183 surveys were administered during February 2016, a 95% response rate from an expected 193 CHWs (excluding CHWs that died, resigned or were terminated). In July 2016, the research team contacted remaining CHWs, which resulted in eight additional demographic surveys, for 191 total surveys (99% response). Data entry clerks performed double data entry of survey responses into a database.
During July 2016, the research team extracted HIV and MNCH outcome measures from the respective CHW monthly summary forms and entered the data into a tablet-based electronic form. For HIV, we reviewed monthly summary forms compiled by CHWs for the period May 2014 to June 2016, using paper copies stored at the civil society organizations. The summary form contained a line listing of all clients visited during the month for HIV services, from which we extracted an aggregate count of monthly HIV client visits for each CHW. For MNCH, dual-role CHWs compiled a separate monthly summary form aggregating the total number of maternal and child household visits and submitted it to their facility-based MNCH supervisor. The research team again attended monthly meetings arranged by the civil society organizations to extract aggregate measures of MNCH visits directly from the dual-role CHW's MNCH summary register book. Absent dual-role CHWs were contacted to schedule in-person meetings for MNCH data extraction.
Statistical analysis
Summary descriptive statistics and exploratory data analysis using connected line plots and mean response profiles were examined to identify underlying trends in outcomes before and after introduction of MNCH responsibilities, examining intervention (dual-role) vs comparison groups (single-role). Baseline pre-intervention comparability was assessed between single and dual-role CHW groups in terms of the average number of monthly HIV client visits per CHW. Pearson's chi-square tests for categorical variables and two-sample t tests for continuous variables (with variance ratio tests) were performed to examine differences in demographic and facility characteristics between the districts and between single-and dual-role CHW groups. Missingness in the time-series data was compared across groups, however, reasons for missed monthly reports were not available. Therefore, imputation methods were not utilized and missing values were treated as 'true' missing.
Longitudinal trends before and after MNCH training were assessed using a comparative interrupted time-series analysis, a quasi-experimental approach to establish causal inference (Taljaard et al., 2014) . The goal of the analysis was to assess the effect of the MNCH intervention package on the mean HIV client visit count in the immediate period after intervention initiation (level change) and gradually throughout the intervention (slope change), under the assumption that the intervention group outcome trend would have changed similarly to the comparison group without the intervention (Lagarde, 2012) . We assumed an immediate effect would present in the next month following MNCH training.
A log-linear Poisson regression using a generalized estimating equation (GEE) approach was used to account for potential data correlation in repeated measures from the same CHW, with an exchangeable correlation structure (assuming that any pair of responses from an individual CHW would have the same correlation) and robust estimation of standard errors (Liang and Zeger, 1986) . The GEE approach was used to estimate the population-averaged response across CHWs in the intervention vs comparison groups. Segmented regression techniques (which estimate a different intercept and slope coefficient for the pre-intervention and intervention time periods) were applied to control for secular trends (Wagner et al., 2002; Lagarde, 2012; Penfold and Zhang, 2013) . Analyses were stratified by district to allow for differential effects, as several implementation differences across districts were noted: the civil society organizations managing the programme, timing of MNCH training introduction and proportion of CHWs receiving MNCH training (Shelley, 2017) . Details of the interrupted time-series model specification and interpretation are included in Box 1. A significant P-value in either b 6 or b 7 coefficients indicates a treatment effect following introduction of MNCH training (immediately b 6 level, or gradually over time b 7 slope). Unadjusted and adjusted regression results are reported as incidence rate ratios (IRR) with 95% confidence intervals. Model diagnostics included examination of residual vs fitted plots and quasilikelihood information criterion (QIC) to identify the best working correlation structure (exchangeable vs independent) and most parsimonious model (Cui, 2007) . All statistical analyses were performed using Stata Version 13 (StataCorp, 2013) .
Ethical considerations
The Institutional Review Boards of Johns Hopkins School of Public Health (IRB No. 00005497) and Muhimbili University of Health and Allied Sciences (ref. no. 2015-12-18 /AEC/Vol. X/94) approved ethical clearance for this study. The regional and district medical administrative authorities in Iringa granted permissions for data collection access. All potential study participants underwent a verbal informed consent process following an IRB-approved consent form in Swahili.
Results

Sample characteristics
The sample included 187 CHWs: 41% (n ¼ 76) dual role and 59% (n ¼ 111) single role (Table 1) . Overall, CHWs had a mean age of 43.2 years (SD ¼ 7.4) with 8.8 years (SD ¼ 3.6) of community health experience, and 5.5 dependents (SD ¼ 2.3); half were female (53%), and nearly all were married (85%) and primary school educated (92%). Approximately 40% of CHWs reported a monthly income less than $25 USD-for comparison, Tanzania's 2015 gross national income ($920) equates to $77 monthly (World Bank, 2016) . Most CHWs (95%) reported agricultural farming for additional income, while far fewer reported livestock farming (19%) or other incomegenerating activities (27%). Most CHWs (63%) reported walking as their primary travel mode to household visits. The median distance between a CHW's home and supervisory facility was 4 km (IQR 1-8) and a majority (56%) reported travel times to the supervisory facility of less than 1 h. CHWs reported to dispensaries (76%), health centres (15%) or hospitals (9%) for supervision purposes. Bivariate analyses by CHW type (single-vs dual-role) suggested no significant differences across groups regarding demographic characteristics (Table 1) . However, dual-role CHWs were less likely to report to a dispensary (59% vs 88%; P < 0.001). See Supplementary File S1 for additional bivariate analyses by district and comparing single and dual-role CHWs within districts.
Characteristics of time series
The time series consisted of 4022 observations for HIV visit count from May 2014 through June 2016, averaging 21.5 data points per CHW (Table 2 ). There were 2352 observations (58%) during preintervention and 1670 observations (42%) during intervention, averaging 12.6 and 8.9 months of data, respectively. From an expected 4447 monthly observations of HIV visit count across 187 CHWs, 425 observations (9.6%) were missing. Missing data occurred more frequently Box 1. Interrupted time-series model specification and interpretation Population-averaged expected response as a function of the covariates, l ij ¼ E(Y ij jX ij ), estimated with a log link function for count data under assumption of a Poisson probability distribution. Difference in level between dual-role and single-role CHW groups immediately following MNCH training; significant P-value denotes an immediate intervention effect b 7
Difference in slopes between dual-role and single-role CHW groups during intervention compared with the difference in slopes during pre-intervention; significant P-value denotes a gradual intervention effect e ij Denotes random error during pre-intervention (10.2%; n ¼ 266) than intervention (8.7%; n ¼ 159) and was relatively more frequent in Kilolo (10.8%; n ¼ 292) than Iringa Rural (7.6%; n ¼ 133). However, within each district, there was no difference in the average months of data available from single vs dual-role CHWs during pre-intervention or intervention periods, suggesting similar reporting completeness across groups (Table 2) . Following MNCH training, 620 MNCH observations on maternal and under-5 child visits were available from 76 dual-role CHWs, or an 
Effect of MNCH training on HIV visit count
Pre-intervention, single-and dual-role CHWs conducted an average of 27 and 39 HIV visits per month, respectively (Table 3) . During intervention, average productivity remained stable with single-role CHWs reporting an average of 28 HIV visits per month and dual-role CHWs again reporting a monthly average of 39 HIV visits. Both single and dual-role CHWs in Kilolo had greater overall means compared with Iringa Rural. In addition to monthly HIV visits, dual-role CHWs in Iringa Rural conducted an average of 9 maternal visits and 42 under-5 child visits per month, while in Kilolo they conducted an average of 7 maternal visits and 46 under-5 child visits per month.
A time-series plot of the mean counts per month for single and dual role CHW is presented for each district, with trends from the predicted fit for mean HIV count from the segmented regression model (Figure 2) . Regression results for each district show the estimated effect of MNCH role expansion on the mean count of HIV visits conducted by CHWs, as described below for the adjusted models (Table 4) .
Kilolo
The time-series plot of Kilolo suggests different pre-intervention secular trends in HIV visit count, with a possible change in outcome trajectories during the intervention period. For single-role CHWs the regression output confirms the pre-intervention and intervention slopes were significantly different (b 3 ), holding all other variables constant (aIRR ¼ 0.99, 95% CI: 0.98-0.99, P ¼ 0.005). As visually apparent in the plot, during pre-intervention, dual-role CHWs had a Although the preintervention productivity levels were different among dual-and single-role CHWs in Kilolo, there was no difference in pre-intervention slopes (b 5 ), suggesting sufficient comparability in outcome trajectories between groups prior to introduction of MNCH responsibilities.
Iringa Rural
The time-series plot suggests a gradually increasing trend for both single and dual-role CHWs in Iringa Rural, which continues without noticeable interruption into the intervention period. The preintervention trend among single-role CHWs was significant, with each additional month associated with a 1% increase in mean HIV visit count (aIRR ¼ 1.01, 95% CI: 1.00-1.01, P ¼ 0.004). There was also a significant pre-intervention difference in outcome level between groups (b 4 ), with a 25% higher mean HIV visit count among dual-role CHWs compared with single-role CHWs within a given month, holding all other variables constant (aIRR ¼ 1.25, 95% CI: 1.02-1.52, P ¼ 0.03). However, there was no difference in the preintervention slopes (b 5 ) between single-and dual-role CHWs in Iringa Rural, again suggesting similar outcome trajectories between groups prior to the intervention.
Summary of intervention effects (b 6 and b 7 )
The interrupted time-series results from both districts suggest a modest treatment effect in the change in level (b 6 ) in the immediate post-period after intervention introduction. This is indicated by a moderately significant intervention minus pre-intervention change in mean HIV visit count among dual-role CHWs relative to the change among single-role CHWs, after holding all other variables constant (Table 4 : Iringa Rural: aIRR ¼ 0.94, 95% CI: 0.87-1.01, P ¼ 0.096; Kilolo: aIRR ¼ 0.91, 95% CI: 0.83-0.99, P ¼ 0.04). The magnitude of the effect was similar across districts, suggesting an initial 6-9% drop in continued provision of HIV services following introduction of a second role (MNCH), relative to the expected outcome level in the absence of the intervention. However, there was no difference in either district in the change in trend (b 7 ) in the mean HIV client visit count conducted by single and dual-role CHWs over time. These results suggest a small initial drop in HIV services provided by CHWs following the introduction of a second role. Equilibrium appeared quickly achieved following role expansion, as evidenced by the lack of significant change in slopes following the intervention.
Discussion
This study sought to examine the impact of CHW role expansion in Iringa, Tanzania. Could CHWs maintain their HIV scope of work after introduction of additional MNCH responsibilities? Our study results indicate they can, but not without a small initial interruption to services when the intervention rolled out. Immediately after introducing the additional MNCH scope, there was a slight dip in HIV visits conducted by dual-role CHWs relative to single-role CHWs. While the overall level recovered over time in Iringa Rural, it remained at a slightly lower equilibrium during intervention in Kilolo. However, there was no difference in the dual role intervention and pre-intervention trend in monthly HIV visits compared with the expected change in trend in the absence of the intervention. Dual-role CHWs appeared able to maintain their HIV client load while adding MNCH tasks to their volunteer routines. The number of HIV clients visited per month remained stable, while the overall number of clients served increased as dual-role CHWs began health promotion targeting pregnant and post-partum women, and their children. Furthermore, the reporting of HIV data was more complete during the intervention period. Few studies have examined HIV and MNCH integration at the community level. Only one such programme in Ethiopia was identified in a recent systematic review of 20 studies of integration of HIV, MNCH, family planning and nutrition services (Creanga et al., 2007; Lindegren et al., 2012) . In contrast to our findings, the integration of family planning with HIV services by volunteer community-based reproductive health agents in Ethiopia did not increase the overall number of clients reached, since their time spent with each client lengthened and other daily tasks limited their hours available for volunteering (Creanga et al., 2007) . In an integrated model with CHWs responsible for more activities, more time and effort by volunteers are needed to improve services, and role overload becomes a key risk . A study in South Africa suggested that voluntary 'lay counsellors will most likely not implement additional interventions (on top of their already defined duties) without financial, structural or personnel assistance' (Peltzer et al., 2010 )-a situation similar to the Iringa programme where the additional financial assistance accompanying MNCH tasks was minimal. Qualitative evidence on the drivers of feasibility and acceptability of the dual role model suggested a misalignment between the added MNCH workload and the minimal stipend increase and that the inadequate remuneration was a primary source of dissatisfaction among CHWs (Shelley, 2017) .
Volunteer CHWs may spend only a few days a week on CHWrelated tasks, and their stipend levels would not warrant full-time work. Programmes need realistic expectations of workloads to prevent CHW burnout and sustain motivation, particularly within volunteer settings where it may be unrealistic to expect additional outputs without additional incentives. A time-motion study in Morogoro, Tanzania documented work patterns of volunteer MNCH CHWs averaging 2.9 work days per week and 4.8 h per day (LeFevre et al., 2015 )-as the dual-role CHWs in Iringa were trained using the same MNCH curriculum, we would expect additional time required to take on the additional MNCH responsibilities. Our study was unable to quantitatively measure the number of hours spent on volunteer CHW activities before and after MNCH training, but future work should assess additional workload metrics.
Demographics between single-and dual-role CHWs were similar in our study. We were not able to analyse individual CHW characteristics as potential drivers of performance of HIV and MNCH tasks in this study, but this could be an important area of future research. In Zimbabwe, individual and organizational factors associated with CHW performance varied by task within the context of a 'multi-task' programme where CHWs were responsible for both pregnancy referrals and delivery of behaviour change lessons, suggesting that pathways to improve CHW performance could also vary by task and are important to explore within settings where CHW roles are expanding (Kambarami et al., 2016) . The importance of an enabling, facilitative working environment to maximize CHW productivity has not been widely researched although is postulated as an interrelated driver of CHW productivity, along with capacity and motivation (Jaskiewicz and Tulenko, 2012) . Recent literature has characterized community health work as a sub-system within primary healthcare, recognizing a broad array of health system and community factors all contribute to performance . In an associated paper, we qualitatively assess implementation features and aspects of the work environment that contribute to balancing the HIV and MNCH scopes of work, including overall workload, perceived urgency of MNCH health conditions and importance to the community, programme novelty, task complexity and skills familiarity (Shelley, 2017) .
Strengths and limitations
This study quantitatively assesses the impact of CHW role expansion on pre-existing roles, using quasi-experimental causal inference methods to assess the impact of adding MNCH tasks onto CHW's monthly HIV visit workload after intervention, relative to the single-role CHW comparison group. The findings contribute to an important gap in the literature on HIV and MNCH integration at the community-level, and may be particularly relevant and generalizable to other HIV-focused volunteer CHW programmes in Tanzania, documented at over 7000 CHWs (MUHAS and JHSPH, 2015) .
Several limitations are worth noting. Randomization of the MNCH intervention would have improved the study design and reduced the potential for selection bias, but the strong comparability between single and dual-role CHWs on measured covariates helped to increase internal validity. That dual-role CHWs had a higher level of pre-intervention productivity compared with single-role CHWs makes it difficult to rule out selection bias. CHWs reporting to health centres and hospitals were more likely to receive the additional MNCH training, suggesting a possible preference by the prime partner to select CHWs affiliated with higher volume facilities. However, pre-intervention slopes were comparable between singleand dual-role CHWs and a key strength of the comparative interrupted time-series design is that it adjusts for differences between groups. The duration of observation was limited, particularly in Iringa Rural, with only 6 months of intervention data -an extended period of observation would have improved confidence in the longterm trends. A further limitation was the outcome measurement focused only on whether CHWs performed HIV and MNCH household visits, lacking assessment of the quality of services provided by CHWs, along with verification of their self-reported client visit data. While missing data approached nearly 10%, it likely did not affect our overall inferences since patterns of missing data were similar across groups. Furthermore, the counts for HIV and MNCH visits extracted in aggregate from separate CHW monthly summary forms for HIV and MNCH precluded an assessment of service integration within individual households.
Conclusion
The dual-role CHW model appears feasible in Tanzania, where volunteer HIV CHWs successfully added MNCH services to their household visit workload, although with a small initial reduction in HIV household visits when the intervention began. There was no difference between single and dual-role CHWs in trajectories of monthly HIV household visits before and after MNCH duties were added. This partially integrated healthcare model, which combined community-level health promotion services for HIV patients, pregnant women, newborns and children, suggests there may be spare capacity in vertically oriented single disease focused programmes and that gains can be made through integration. In Tanzania, where half of volunteer CHW programmes are either HIV or MNCH focused, the results of our study are highly relevant to ongoing implementation decisions, supporting further integration of HIV and MNCH services at the community level.
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Supplementary data are available at Health Policy and Planning online.
